The rotational spectra of the two abundant isomers of monothioformic acid, eis-and trans-HC(:0)SH, have been assigned in the frequency region 8 -250 GHz. Over 90 a-type transitions and over 60 6-type transitions have been measured for each rotamer. The a-type transitions belong to the <7Rk , ^Qi, IQ2 » and QQI branches and the 6-type absorption lines encompass the KA = 1 -0, 2 -1, 3 -2, 4 -3 and 5 -4 rotational sub-bands. The rotational constants and all quartic and sextic centrifugal distortion constants have been determined for each rotamer using Watson's reduced Hamiltonian. In addition to the measured line positions the frequencies of some selected low-/ transitions, not observed in this work but of potential astrophysical interest, have been listed as an aid in the interstellar search for monothioformic acid.
I. Introduction
Rotational isomerism has been the subject of numerous spectroscopic investigations in recent years Although this phenomenon is common for larger molecules it is quite rare for small molecules. The simplest molecule in which it can occur is one having four atoms arranged in a nonlinear chain. Nitrous acid, HONO, is an example of such a molecule for which the existence of two rotamers has been experimentally demonstrated in the gas phase 2 . Among the five-atomic molecules which could exhibit rotational isomerism, formic acid, HCOOH, is of particular interest. Various ab initio and semiempirical calculations 3 indicate that there should be minima in the torsional potential at both the eis and trans planar configurations:
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Although numerous experimental studies have been carried out, the question as to whether the eis rotamer exists in the gas phase in addition to the abundant trans rotamer has not yet been completely settled. The detection of eis formic acid was claimed in a recent infrared study of the reaction products from the gas phase ozonolysis of 1,2-dichloroethylene 4 . However, only trans formic acid has been detected by microwave spectroscopy despite the fact that Lide 5 has carefully searched for the eis rotamer.
In the light of this controversy it seemed of interest to investigate the rotational spectrum of the closely related molecule monothioformic acid, HCOSH.
In analogy with formic acid monothioformic acid could exist in one or more of four different planar forms, namely:
In the following paper the rotational spectra of three isotopically substituted species, DC(:0)SH, HC(:0)SD, HC(:0) 34 SH, together with the molecular structure of each rotamer are presented. Subsequent papers will deal with the measurement of molecular electric dipole moments, determination of the energy difference between the ground vibrational states of the two rotamers and the investigation of the rotational spectra of H 13 C(:0)SH and HC(: 18 0)SH. In addition, a detailed study of the infrared spectrum of monothioformic acid is currently in progress.
Recently formic acid has been detected in emission from the molecular cloud in the direction of the galactic center radio source Sagittarius B2 (Sgr B2) by Winnewisser and Churchwell 8 through observation of the 2n -212 transition. This discovery, together with the previous observation of several sulfur-containing molecules, notably CS, SO, HoS, OCS, HoCS 9 and S02 10 , in the same interstellar cloud, makes a thorough search for monothioformic acid seem warranted. A search for the 2n -212 transition of eis-and trans-HC (: 0) SH in various galactic sources has been conducted. To aid in future interstellar searches, this paper contains not only a complete listing of all measured HC(:0)SH transition frequencies but also predictions of some additional low-/ transitions not observed in the present work but of potential astrophysical interest.
II. Experimental Procedures
The monothioformic acid samples employed in the present investigation were prepared using a somewhat modified version of the procedure described by Engler and Gattow 6 . The preparation involves three basic steps which are summarized in the following reaction scheme: HCOOH + C6H5OH NaHC0Q HC(:0)0C6H5 + CH3C(:0)0C(:0)CH3 + 2CH3COOH
(1) HC (:0) OC6H5 -f NaSH NaHCOS + H3P04 (aq)
NaHCOS

+ C6H5OH
(2) . HCOSHf + NaHoP04(aq)
In the first step, phenol was reacted with an equimolar mixture of formic acid and acetic anhydride in the presence of a small amount of sodium formate catalyst to produce phenylformate u . The reaction was allowed to proceed at room temperature, with stirring, for about 48 hours. The phenyl formate was then separated from the reaction mixture by fractional distillation under vacuum. In the second step, the purified phenyl formate was added dropwise, with stirring, to an equimolar amount of sodium hydrogen sulfide suspended/dissolved in ethanol. After completion of this reaction (1-2 hours), the ethanol and phenol were distilled off under vacuum over a period of about 12 hours. In the final step, an excess of a 50% aqueous solution of orthophosphoric acid was added dropwise to the solid sodium monothioformate to liberate the monothioformic acid. The reaction flask was cooled to -5 °C throughout and the evolved gases were trapped at -95 °C under vacuum. Crude product was collected for at least five hours and then purified by fractional distillation. The overall yield of purified monothioformic acid was typically about 40%. The purity of the fractionally distilled samples, as monitored on the microwave and infrared spectrometers, was estimated to be better than 95%.
Gaseous samples for the spectroscopic studies were taken from the vapor above the liquid at -63 °C. No decomposition or polymerization of the liquid was observed even after prolonged periods at this temperature. All frequency measurements were made at room temperature with sample pressures of less than lOmillitorr. The gaseous samples were stable in the glass free space cell but decayed slowly (with a half-life of several hours) in the gold plated X-band Stark cell.
Microwave measurements were made in the frequency region 8 -36 GHz using a Hewlett Packard model 8460 A MRR spectrometer. Three different backward wave oscillators (BWO) were used to generate microwave power in the X, P and K bands . The 26 -36 GHz region was covered by doubling the frequency of the P-band BWO radiation. This was accomplished by applying P band power to a parametric varactor diode in a crossed wave guide mount, details of which will be discussed elsewhere 12 . Sufficient power for spectroscopic purposes was obtainable over the whole of the 26 -36 GHz range. All measurements were carried out in a two meter X-band Stark cell employing square wave modulation of the electric field at 33.333 kHz. The absorption signals were observed after phase sensitive lock-in amplification of the detector output.
In the frequency region from 70 to 250 GHz a millimeter wave video detection spectrometer was employed. The millimeter wave radiation was gen-erated by harmonic multiplication of the fundamental frequencies produced by different OKI microwave (28 -42 GHz) reflex klystrons belonging to the Y12 series. A dedicated PDP 8/1 computer was employed for data acquisition and reduction in order to obtain high sensitivity and accurate frequency measurements. The spectrometer and its mode of operation have been described in detail previously 13 ' 14 .
All frequency measurements, both microwave and millimeter wave, were found to be reproducible to within ± 30 kHz.
III. Rotational Spectra and Assignment
The rotational spectrum of monothioformic acid is rich over the entire microwave and millimeter wave region. This is due to the presence of two rotational isomers, both of which have fairly small rotational constants, and both of which exhibit strong a-and 6-type spectra. No c-type transitions were observed for either rotamer. In addition to the ground state rotational spectra, transitions between rotational levels in the excited vibrational states v-t = 1 and vg = 1 were also observed. Although some of these vibrational satellite lines have been measured they will not be discussed here. The microwave spectrum in the frequency region 8 -12.4 GHz is shown in Figure 1 . The most important features of this spectrum are the two l0i -O00 transitions near 11.7 GHz. All of the strong absorption lines which fall in this region have been assigned to the ground state of either the eis or the trans rotamer of HC (: 0) SH. Some of these assignments are indicated in Figure 1 . Despite the density of transitions, the assignment process was relatively straightforward because the important low-/ transitions are all reasonably strong and hence were easily located.
1) The a-type Spectrum
The tAvo rotational isomers of HC(:0)SH were both found to be near prolate asymmetric top molecules, with x=-0.980834 for the eis rotamer and x= -0.980319 for the trans rotamer. Their a-type spectra are thus typical of such slightly asymmetric rotors. An overview of the a-type spectrum of HC(:0)SH is given in Fig. 2 in the form of Fortrat diagrams for the two rotamers.
Strong R-branch transitions were found at intervals of roughly (B + C) throughout the centimeter and millimeter wave regions. The assignment of the low-/ lines of this branch was confirmed by making use of the Stark effect. A recorder trace showing the J = 2<-I a-type R-branch transitions is presented in Figure 3 . The Ka = 0 components fall near the center of this figure while the = 1 components, split by the inertial asymmetry of the molecule, lie near both edges.
The higher-/ a-type R-branch transitions, which fall in the millimeter wave region, were also easily located and assigned. For each J+\<-] transition the K.x components form two sub-band heads. The pattern is essentially the same for each of the two rotamers. The first band head occurs at Ka = 2 and
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2) The b-type Spectrum
Over sixty 6-type transitions belonging to the K:x Figs. 2 and 6 , does the inherent simplicity of the spectrum become apparent. The Fortrat diagrams also reveal the striking similarity between the spectra of the two rotamers.
IV. Centrifugal Distortion Analysis
The observed rotational transitions of monothioformic acid were analysed using the reduced Hamiltonian reported by Watson 17 in which R6 = 0. The analysis was performed in the V axis representation so that the Hamiltonian may be written as follows: where P, Pa, Pb and Pc are the operators for the total angular momentum and its components along the principal inertial axes. The constants A, B and C are Watson's reduced rotational constants w T hich contain very small centrifugal distortion contributions 17 . The parameters in Eqs. (3) and (4) are the quartic and sextic centrifugal distortion con stants respectively.
An iterative least squares procedure was used to determine values for the molecular constants which appear in the above Hamiltonian from the observed spectra. In each step of the iteration the energy matrix was diagonalized with the aid of the QR algorithm which diagonalizes tridiagonal matrices rapidly 18 .
The observed and calculated transition frequencies of the trans rotamer have been listed in Table I ; the frequencies of the eis rotamer are given in Table II . Several of the a-type R-branch lines whose A-type splitting is calculated to be larger than 10 kHz, but could not be resolved experimentally, were excluded from each fit. The components with a calculated .A-type splitting of less than 10 kHz were treated as single lines. A total of 164 transition frequencies with 7 ^ 45 were included in the least squares analysis of the trans rotamer giving a standard deviation of the fit of 12.5 kHz. For the eis rotamer, 170 transition frequencies with 7^48 were analyzed with a standard deviation of the fit of 17.2 kHz. The slight increase in the standard deviation of the fit on going from the trans to the eis rotamer is consistent with the observation that the absorption lines of the eis rotamer are significantly broader than those of the trans, and are therefore expected to be somewhat less accurately measured.
The molecular constants obtained in the least squares fits described above are collected in Table  III . The rotational constants and the quartic centrifugal distortion constants are well determined. However, three of the sextic centrifugal distortion constants (Hjk, Hjk, hx) are poorly determined.
The reduced Hamiltonian presented in Eqs. (1) - (4) is only one of an infinite set of effective Hamiltonians which may be obtained by applying a unitary transformation to the general rotational Hamiltonian 17 . Alternative reduced Hamiltonians 19 ' 20 and the use of different axis representations 21 ' 22 have in some instances been proposed. It is there- ' 22 , . This coefficient was evaluated from the constants given in Table III using the procedure discussed by Yamada and Winnewisser 15 , case 1. The results are slu = 1.365 x 10 -7 for fr<ms-HC(:0)SH and 5m = 1.429 XlO" 7 for «s-HC(:0)SH. These numbers indicate that the effective Hamiltonian given in Eqs. (1) -(4) is a suitable one for the analysis of the rotational spectrum of HC(:0)SH.
Watson has shown that there is one set of parameters which are invariant to a unitary transformation of the rotational Hamiltonian. These parameters, which are designated 91, 33, ß, r'aaaa, r'bbbb * r'cccc i T i an d x 2 may be calculated from the spectral parameters reported in Table III using equations given by Watson 17 . The results are presented in Table IV . Also reported in Table IV the quantity known as the r-defect 23 , AT CCCC. For a planar molecule, in its equilibrium configuration, the r-defect should be zero. The small negative values of AT'CCCC given in Table IV are typical for a planar molecule in its ground vibrational state 23 . If a molecule is planar then there exist relations which reduce the number of linearly independent quartic distortion constants from five to four 1 '. These relations are strictly valid only for the equilibrium rotational parameters, but also apply approximately to the ground vibrational state constants. The planarity constraints were applied to the 
